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(54) CONJUGATE FIBER, PHENOLIC ULTRAFINE CARBON FIBER AND 
PRODUCTION OF THEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a conjugate fiber suitable as a precursor of an 
ultrafine carbon fiber, a phenolic ultrafine carbon fiber excellent in heat and chemical 
resistances, or the like, and having a great specific surface area and to provide both a method for 
producing the conjugate fiber excellent in spinnability, productivity and operating efficiency and 
a method for producing the phenolic ultrafine carbon fiber. 

SOLUTION: This conjugate fiber which is an island- in-sea type conjugate fiber is produced by 
kneading a phenol resin with a polyethylene and melt spinning the resultant kneaded mixture and 
comprises a sea component that is the polyethylene and an island component which is the phenol 
resin. The phenolic ultrafine carbon fiber is obtained by carbonizing the conjugate fiber. The 
method for producing the conjugate fiber comprises kneading the phenol resin with the 
polyethylene and then extruding the kneaded mixture through a spinneret. Furthermore, the 
method for producing the phenolic ultrafine carbon fiber comprises carbonizing the conjugate 
fiber prepared by the method for producing the conjugate fiber. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is excellent in the suitable bicomponent fiber for the 
precursor of phenol system super-thin carbon fiber, heat resistance, chemical resistance, etc., and 
relates to phenol system super-thin carbon fiber with large specific surface area, and the 
manufacturing method which manufactures these with sufficient productivity. 
[0002] 

[Description of the Prior Art] The phenol system carbon fiber produced by carbonizing phenol 
system textiles is excellent in heat resistance, chemical resistance, conductivity, etc. 
It is used in broad fields, such as thermal insulation, a sealant, and an electrode material. 
Especially, the application to highly efficient adsorption material and catalyst support from the 
phenol system super-thin carbon fiber with a small fiber diameter having large specific surface 
area and adsorption rate is also expected. The use from a fiber diameter being small to high- 
density carbon fiber textile fabrics, a nonwoven fabric, etc. is also expected. 
[0003]In order to manufacture phenol system super-thin carbon fiber, it is necessary to make 
super- thin phenol system textiles. As a method of making super- thin phenol system textiles using 
the art of the conventional melt spinning, How to make the delivery of resin of a spinneret a 
byway, gather spinning speed, and carry out melt spinning of the phenol fiber, Phenol resin and 
other resin are extruded from a special cap, melt spinning of the sea-island type bicomponent 
fiber is carried out, only resin of the sea component is mechanically removed using removal or a 
solvent, and the method of taking out only phenol resin of an island component, etc. are 
mentioned. And super- thin carbon fiber is manufactured by carbonizing these precursor textiles. 
[0004]However, phenol resin used as the raw material of phenol system textiles is perfect 
amorphism nature. 

Since the degree of polymerization is low, spinning is difficult. 

The phenol system textiles obtained have intensity and insufficient ductility, and it had the fault 
that it was very weak. Therefore, by the method of gathering spinning speed, there was a 
problem that productivity will fall extremely, using the spinneret of a byway. Since cooling 
solidification of the breathed-out phenol resin will be carried out in the position very near a 
spinneret, the orientation effect at the time of spinning could hardly expect, but about 12 
micrometers of the fiber diameter were a limit. Since phenol resin was weak, stretching treatment 
was not completed after spinning but the formation of thin ** of the phenol system textiles by 
extension was impossible as a matter of fact, since the shape of a cap became very complicated 
in using a special cap, it was impossible for productivity to have been markedly alike, and to 
have fallen and to have obtained a phenol fiber with a fiber diameter of 10 micrometers or less. 
Since a lot of solvents were needed in the case of the way a solvent etc. remove a sea component, 



there was a problem of worsening work environment remarkably. 
[0005] 

[Problem(s) to be Solved by the Invention]Therefore, the bicomponent fiber which can be 
conveniently used for the purpose of this invention as a precursor of phenol system super-thin 
carbon fiber, It is in providing the manufacturing method of a bicomponent fiber and the 
manufacturing method of phenol system super-thin carbon fiber which were excellent in heat 
resistance, chemical resistance, etc., and were excellent in phenol system super-thin carbon fiber 
with large specific surface area, spinning nature, productivity, and workability. 
[0006] 

[Means for Solving the Problem]That is, a bicomponent fiber of this invention is characterized 
by being kneading and a sea-island type bicomponent fiber whose sea component carry out melt 
spinning and is polyethylene and whose island component is phenol resin about phenol resin and 
polyethylene. As for phenol resin of an island component, it is desirable to carry out curing 
treatment. Phenol system super-thin carbon fiber of this invention carbonizes said bicomponent 
fiber. 

[0007] A manufacturing method of a bicomponent fiber of this invention carries out melt 
spinning of the sea-island type bicomponent fiber whose sea component extrude from a spinneret 
and is polyethylene and whose island component is phenol resin, after kneading phenol resin and 
polyethylene. In a manufacturing method of a bicomponent fiber of this invention, it is still more 
desirable to stiffen phenol resin of an island component. A manufacturing method of phenol 
system super-thin carbon fiber of this invention carbonizes a bicomponent fiber obtained with a 
manufacturing method of said bicomponent fiber. 
[0008] 

[Embodiment of the Invention] Hereafter, this invention is explained in detail. Phenol resin 
concerning this invention carries out the condensation-polymerization reaction of phenols and 
the aldehyde under existence of a reaction catalyst, and is obtained. As phenols, phenol, o-cresol, 
m-cresol, p-cresol, bisphenol A, a 2,3-xylenol, 3,5-xylenol, p-tertiarybutyl phenol, resorcinol, 
etc. are mentioned, for example. As aldehyde For example, formaldehyde, paraformaldehyde, 
hexamethylenetetramine, furfural, benzaldehyde, salicylaldehyde, etc. are mentioned. 
[0009]The mole ratio of aldehyde and phenols is 0.6:1 to 0.86:1 preferably, although limitation 
in particular is not carried out. As a reaction catalyst, zinc compounds, such as hydroxy acid, 
such as organic acid, such as inorganic acid, such as chloride and sulfuric acid, oxalic acid, and 
Para toluenesulfonic acid, citrate, and tartaric acid, zinc chloride, and zinc acetate, etc. are 
mentioned, for example. 

[0010]Phenol resin concerning this invention may not be limited to the thing of a linear 
molecule, but the thing of a branch-like molecule may be sufficient as it in part. That with which 
what consists of single phenol resin mixed two or more ingredients at an arbitrary rate may be 
used for the presentation. The molecular weight of phenol resin is also fusible in the suitable 
temperature requirement for melt spinning, although limitation in particular is not carried out, 
and as for the molecular weight, in order to have a suitable viscosity range for melt spinning, it is 
preferred that it is in the range of 500-50,000. 

[0011]As polyethylene concerning this invention, high pressure process low density 
polyethylene, medium density polyethylene, The homopolymer of ethylene, such as high density 
polyethylene and straight-chain- shape low density polyethylene, or the copolymer of ethylene 
and alpha olefin; the copolymer of ethylene, such as an ethylene- vinyl acetate copolymer, and 
other vinyl system monomers, etc. are mentioned. 



[0012]As alpha olefin by which copolymerization is carried out to ethylene, propylene, 1-butene, 
4-methyl-l-pentene, 1-hexene, 1-octene, etc. are mentioned, for example. As other vinyl system 
monomers, acrylic acid (meta), such as vinyl ester; (meta) acrylic acid, such as vinyl acetate, 
methyl acrylate (meta), ethyl acrylate (meta), and acrylic acid (meta) n-butyl, the alkyl ester of 
those, etc. are mentioned, for example. 

[00 13] Various additive agents may be added by the phenol system bicomponent fiber of this 
invention if needed. As an additive agent, an antioxidant, an ultraviolet ray absorbent, paints, a 
color, etc. are mentioned. 

[0014]Next, the manufacturing method of the bicomponent fiber of this invention and phenol 
system super-thin carbon fiber is explained. First, phenol resin and polyethylene are mixed and 
kneaded beforehand. This mixed resin is extruded from a spinneret by a molten state, a sea 
component is polyethylene and an island component carries out melt spinning of the 
bicomponent fiber of a sea-island type which is phenol resin. Curing treatment of the phenol 
resin of an island component is carried out, and the bicomponent fiber by which curing treatment 
was carried out is obtained. Subsequently, this bicomponent fiber by which curing treatment was 
carried out is carbonized under an inert atmosphere, and phenol system super-thin carbon fiber is 
obtained. 

[00 15] Although limitation in particular is not carried out, preferably, phenol resin is 10 to 60 % 
of the weight, polyethylene is 90 to 40 % of the weight, more preferably, phenol resin is 30 to 50 
% of the weight, and polyethylene of the mixing ratio of phenol resin and polyethylene is 70 to 
50 % of the weight. When there is a possibility that phenol system super-thin carbon fiber 
****** sufficient in less than 10 % of the weight may become that phenol resin does not have 
less and phenol resin exceeds 60 % of the weight, a sea component is polyethylene and there is a 
possibility of becoming difficult to obtain the sea-island type bicomponent fiber whose island 
component is phenol resin. 

[00 16] Although limitation in particular is not carried out, the range of the temperature of 
kneading of phenol resin and polyethylene is 90-200 ** preferably, and the range of it is 120-160 
** more preferably. The time of kneading of phenol resin and polyethylene is suitably chosen by 
the quantity of resin, the mixing ratio of phenol resin and polyethylene, and the fiber diameter 
made into the purpose of phenol resin which is an island component, and limitation in particular 
is not carried out. For example, when kneading phenol resin and polyethylene by 50:50 (weight 
ratio), mixing time is mixed resin lOOg per 40 to 60 minutes. A publicly known thing can be 
used as a kneading apparatus, for example, an extrusion machine type kneading machine, a roll 
mill, a Banbury mixer, a high-speed 2 axis continuous mixer, etc. are mentioned. 
[00 17] Although limitation in particular is not carried out, the range of the temperature at the time 
of melt spinning is 120-200 ** preferably, and the range of it is 140-170 ** more preferably. 
Although the aperture of a spinneret is suitably chosen by the fiber diameter of the bicomponent 
fiber made into the purpose and limitation in particular is not carried out, it is 0.2-0.5 mm more 
preferably 0.1-1.0 mm. A publicly known method can be used as a melting method, for example, 
an extrusion machine method, a melter method, etc. are held. Any method of an electric heat 
method, a steam heating method, and a thermal heating method is possible also for a heating 
method. Spinning speed is a part for 200-1,500-m/more preferably by 50-3,000-m/, although 
limitation in particular is not carried out. Once melt spinning may carry out melt kneading of 
phenol resin and the polyethylene, may carry out spinning of this directly with a molten state, 
kneads phenol resin and polyethylene and pelletizes them, it may carry out melt spinning of the 
pellet. 



[0018]The method of curing treatment of phenol resin being performed by a publicly known 
method, for example, stiffening phenol resin by aldehyde under existence of a crosslinking 
catalyst, etc. are mentioned. As a crosslinking catalyst, basic catalysts, such as acid catalysts, 
such as chloride, sulfuric acid, nitric acid, oxalic acid, and p-toluenesulfonic acid, ammonia, 
calcium hydroxide, sodium hydroxide, a potassium hydrate, barium hydroxide, and sodium 
carbonate, are mentioned. Formaldehyde, paraformaldehyde, benzaldehyde, furfural, etc. are 
mentioned as aldehyde. 

[0019]The reaction condition at the time of curing treatment A crosslinking catalyst and the kind 
of aldehyde, When it is suitably chosen by the amount used, a reaction method, etc., for example, 
uses formaldehyde as chloride and aldehyde as a crosslinking catalyst, 3-30 time processing is 
carried out at 60-1 10 ** using 5 to 20 % of the weight of chlorides, and the solution of 5 to 20 % 
of the weight of formaldehyde. 

[0020]Carbonization of a bicomponent fiber is performed by a publicly known method. 
Nitrogen, argon, etc. are mentioned as inactive gas used by carbonization, the temperature of 
carbonization - desirable - the range of 600-1200 ** - it is the range of 800-1,000 ** more 
preferably. 

[0021] Since a sea component is polyethylene and the island component is a sea-island type 
bicomponent fiber which is super-thin phenol resin, the bicomponent fiber of this invention can 
be conveniently used as a precursor of phenol system super-thin carbon fiber. Since it is 
kneading and a thing which carries out melt spinning about phenol resin and polyethylene, it can 
manufacture without using complicated equipment and a special spinneret, and productivity is 
good and low cost. If curing treatment of the phenol resin is carried out, when it carbonizes, it 
will become easy to obtain carbon fiber with large specific surface area. Since it comes to 
carbonize the bicomponent fiber of this invention, it excels in heat resistance, chemical 
resistance, etc., and polyethylene of a sea component is removed by the pyrolysis, and since it is 
super-thin, the phenol system super-thin carbon fiber of this invention has large specific surface 
area. 

[0022] Since the manufacturing method of the bicomponent fiber of this invention is the method 
of carrying out melt spinning after kneading phenol resin and polyethylene, Spinning nature is 
good and the suitable bicomponent fiber for the precursor of phenol system super-thin carbon 
fiber can be obtained by low cost, without dropping productivity, without using complicated 
equipment and a special spinneret. Phenol resin and polyethylene are kneaded and the following 
can be considered as a reason for the ability to manufacture the bicomponent fiber of a sea-island 
type by the method of carrying out melt spinning. Even if compatibility is bad and kneads these, 
phenol resin does not distribute phenol resin and polyethylene in polyethylene. Therefore, when 
spinning of this mixed resin is carried out, it is thought that phenol resin in polyethylene serves 
as a fiber axis and a pinstriped island component continuously prolonged in parallel. 
[0023]When phenol resin of an island component is stiffened, and it carbonizes, carbon fiber 
with large specific surface area and a bicomponent fiber suitable as a carbon fiber precursor 
which becomes easily can be obtained. The manufacturing method of the phenol system super- 
thin carbon fiber of this invention, Since it is the method of carbonizing the phenol system 
bicomponent fiber obtained with the manufacturing method of said bicomponent fiber, only 
polyethylene of a sea component disappears by a pyrolysis, it becomes super-thin carbon fiber, 
the necessity that a solvent etc. remove a sea component is lost, work environment is improved 
remarkably, and super-thin carbon fiber is obtained easily. 
[0024] 



[Example] Hereafter, an example is shown and this invention is explained in detail. The 
measuring method of the physical properties of the phenol system super-thin carbon fiber in this 
example is as follows. 

(Tensile strength) Based on JIS R-7601, it measured using the tensilon RTM25 tensile-test 
machine by a cage ene tech company. 

(Modulus of elasticity in tension) Based on JIS R-7601, it measured using the tensilon RTM25 
tensile-test machine by a cage ene tech company. 

(Specific surface area) It measured using bell soap 28SA by a Japanese bell company. 
[0025] [Example 1] The phenol lOOOg, the 37-% of the weight formalin 733.2g, and the oxalic 
acid 5g were taught to the reactor provided with the agitator and the reflux condenser, 
temperature up was carried out to 100 ** in 40 minutes, and this temperature was held after that 
for 4 hours. After heating and carrying out drying concentration to 200 **, phenol resin was 
obtained by cooling. Next, the powder of this phenol resin and the pellet of about 3 mm in 
diameter high density polyethylene were mixed so that it might be set to 50:50 by a weight ratio. 
This mixed resin lOOg was kneaded for 50 minutes at 150 ** using the kneading cupping test 
machine. Same kneading was performed a total of 3 times. 

[0026]Next, melt spinning of the obtained mixed resin was carried out with the nozzle 
temperature of 150 **, and the unhardened bicomponent fiber of the sea-island type was 
obtained. 96 ** of obtained unhardened bicomponent fibers were immersed for 24 hours into the 
chloride-formaldehyde solution (18 % of the weight of chlorides, 10 % of the weight of 
formaldehyde), and vulcanized fiber was obtained. Next, this vulcanized fiber was carbonized on 
600 ** and the conditions for 10 minutes among the nitrogen air current, polyethylene of the sea 
component was removed, and phenol system super- thin carbon fiber with a fiber diameter of 0.1- 
10 micrometers was obtained. About the obtained phenol system super- thin carbon fiber, tensile 
strength, a modulus of elasticity in tension, and specific surface area were measured. A result is 
shown in Table 1. 

[0027]The electron microscope photograph of this phenol system super-thin carbon fiber is 
shown in drawing 1 . High density polyethylene (sea section) disappeared with heat, and it was 
checked that the super-thin carbon fiber of a large number prolonged for a long time in the 
direction of a fiber axis is formed. 

[0028] [Comparative example 1] Melt spinning of the phenol resin compounded in Example 1 
was carried out with the nozzle temperature of 150 **, and original ** of the phenol fiber was 
obtained. 96 ** of original ** furthermore obtained were immersed for 24 hours into the 
chloride-formaldehyde solution (18 % of the weight of chlorides, 10 % of the weight of 
formaldehyde), and vulcanized fiber was obtained. Next, this vulcanized fiber was carbonized on 
900 ** and the conditions for 30 minutes among the nitrogen air current, and phenol system 
carbon fiber was obtained. About the obtained phenol system carbon fiber, tensile strength, a 
modulus of elasticity in tension, and specific surface area were measured. A result is shown in 
Table 1. 
[0029] 



[Table 1] 




mmm 


(kg/ mm 2 ) 


(kg/ mm-) 


(m 2 /g) 




1 


7 0 


2 5 0 0 


9 6 0 




1 5 


6 0 


2 5 0 0 


4 2 0 



[0030] After carrying out spinning of the sea-island type bicomponent fiber from phenol resin 
and polyethylene like the result shown in Table 1, By carbonizing, spinning of the phenol system 
super-thin carbon fiber except polyethylene which is a sea component is carried out by the usual 
method, and it has the carbonized phenol system carbon fiber and the mechanical strength more 
than equivalent, and turns into phenol system super- thin carbon fiber with a fiber diameter of 10 
micrometers or less which was impossible until now. 
[0031] 

[Effect of the Invention]it explained above - as - the bicomponent fiber of this invention - 
phenol resin and polyethylene — kneading - melt spinning is carried out and a sea component is 
polyethylene. 

Since the island component is a sea-island type bicomponent fiber which is phenol resin, if it can 
use conveniently as a precursor of phenol system super-thin carbon fiber and curing treatment of 
the phenol resin is carried out, when it carbonizes, it will become easy to obtain carbon fiber 
with large specific surface area. 

Since the phenol system super-thin carbon fiber of this invention comes to carbonize said 
bicomponent fiber, it is excellent in heat resistance, chemical resistance, etc., and its specific 
surface area is large. 

[0032]After the manufacturing method of the bicomponent fiber of this invention kneads phenol 
resin and polyethylene, it extrudes from a spinneret and a sea component is polyethylene. 
Since the island component is the method of carrying out melt spinning of the sea-island type 
bicomponent fiber which is phenol resin, it excels in spinning nature and productivity. 
When phenol resin of an island component is stiffened, and it carbonizes, carbon fiber with large 
specific surface area and a bicomponent fiber suitable as a carbon fiber precursor which becomes 
easily can be obtained. Since it is the method of carbonizing the bicomponent fiber obtained with 
the manufacturing method of said phenol system bicomponent fiber according to the 
manufacturing method of the phenol system super-thin carbon fiber of this invention, it is 
improved remarkably and work environment is easy also for manufacture of phenol system 
super-thin carbon fiber. 



[Translation done.] 



